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SUMMARY 

Structural fibers are currently being considered as reinforcements for intermetallic and 
ceramic materials. Some of these fibers, however, are easily degraded in a high temperature 
oxidative environment. Therefore, coatings are needed to protect the fibers from environmental 
attack. 

Silicon carbide (SiC) was chemically vapor deposited (CVD) on Textron’s SCS6 fibers. 
Fiber temperatures ranging from 1350 to 1500 °C were studied. Silane (SiH 4 ) and propane 
(C 3 H g ) were used for the source gases and different concentrations of these source gases were 
studied. Deposition rates were determined for each group of fibers at different temperatures. 
Less variation in deposition rates were observed for the dilute source gas experiments than the 
concentrated source gas experiments. A careful analysis was performed on the stoichiometry of 
the CVD SiC-coating using electron microprobe. Microstructures for the different conditions 
were compared. At 1350 °C, the microstructures were similar; however, at higher temperatures, 
the microstructure for the more concentrated source gas group were porous and columnar in 
comparison to the cross sections taken from the same area for the dilute source gas group. 


INTRODUCTION 

Ceramic fibers are of interest as reinforcing materials for advanced ceramic and inter- 
metallic matrix composites for aerospace applications. For many of these commercially existing 
fibers, additional coatings will be needed to protect the fibers from oxidation. These coatings 
will also serve to enhance the fiber/matrix interfacial properties. 

Silicon carbide coating has been considered to protect the outer carbon-rich coatings of 
Textron Specialty Materials’ SCS6 silicon carbide fiber and can be synthesized by chemical 
vapor deposition (CVD) techniques. A number of different precursors, conditions and reactors 
have been discussed in the literature (refs. 1 to 3). In this work, the deposition rates, stoichiom- 
etry and microstructure of the CVD SiC on SCS6 was examined. 


EXPERIMENTAL 

For the deposition experiment, a vertical batch fiber reactor was used to coat 30 cm long 
fibers (ref. 4). Deposition temperatures ranged from 1350 to 1500 °C, and SiH 4 and C 3 H g were 
used as the source gases with H 2 as the carrier gas. A 1:9 Si:C atom ratio of source gases was 
held constant for all deposition experiments. Two distinct sets of experiments were conducted, 
based on different source gas concentrations. Group A experiments were performed using 
3 mol % SiH 4 and 9 mol % C 3 H g . Group B experiments were conducted using 0.3 mol % SiH 4 


and 0.9 mol % C 3 H g . The temperature of the fibers during the CVD process was monitored at 
the center (15 cm) of the fiber with a two-colored optical pyrometer. 


RESULTS AND DISCUSSION 

The CVD SiC coating thickness on the fibers was measured using a split image microscope. 
SEM micrographs of polished cross sections were also used from several locations along each 
fiber to confirm the optical microscope readings. Figures 1 and 2 show the deposition rate vari- 
ation along the fibers for different temperatures for each group. The error bars indicate the 
standard deviation in deposition rate measurements. A large variation in SiC thickness and, 
hence, deposition rate was evident for the group A fibers. For the dilute source gas case for 
group B fibers, less variation was seen. It is possible that the Si atoms are able to migrate over 
a longer range on the surface of the fiber for dilute flows before becoming incorporated in the 
surface as SiC. This would give a more uniform profile along the fiber. 

It is difficult to conclude what are the dominant mechanisms for this particular SiC CVD 
process. The flat profile for group B fibers may be evidence of diffusion controlled process. The 
large rates at the beginning of the skewed profile for the group A fibers may be explained by a 
thermally controlled chemical kinetic process and, then, farther along the fiber, the process 
seems to have become more diffusion and depletion controlled. However, for both groups, there 
are a number of different decomposition reactions occurring during the CVD process and, what 
species are available and at what concentration is not known. The uncertainties in the fiber 
temperature measurement will also contribute to the observed scatter in the deposition rate data 
(ref. 4). 

Electron microprobe analysis was used to determine the stoichiometry of the SiC coating. 
CVD single crystal beta-SiC was used as a standard. The fiber samples analyzed were taken 
from the center position of the fibers where the temperature was monitored. Figures 3 and 4 
show the variation in stoichiometry for the different temperatures for each group. For group A 
fibers, the SiC deposited at 1350 °C was only 3 /zm thick and resulted in an unreliable chemical 
analysis. The measurement error for the electron microprobe analysis is ~10 percent. From fig- 
ures 3 and 4, all of the fiber coatings fall within the electron microprobe error. For this reason, 
all of the SiC coatings can be considered close to stoichiometric. 

Several places along the fibers from each of the groups were also analyzed. At 1400 °C, the 
Si-rich SiC coating became more stoichiometric from the 17 cm position to the end of the fiber 
(30 cm), and by 1500 °C, the CVD SiC coating became stoichiometric as early as the 7 cm posi- 
tion (close to the gas inlet). A similar trend was observed for the group B fibers also. One can 
explain this by the fact that C 3 H g , which is harder to crack than silane, starts to dissociate 
faster at higher temperatures into more reactive species, such as CH 3 , C 2 H 5 , C 2 H 4 and C 2 H 2 , 
and becomes competitive with Si-containing species for the formation of SiC (ref. 3). 

SEM micrographs (backscatter and secondary electron) revealed that the microstructures of 
the higher temperature CVD SiC for group A fibers was columnar and less dense than that of 
the higher temperature cases for group B fibers. Figure 5 shows the 1450 °C cases for each 
group (the cross sections are taken from the center position of the fibers). This type of growth 
can be attributed to the fact that the group B fibers have a much slower deposition rate than 
the group A fibers. Similar morphologies with other precursors have been reported for these 
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temperatures (refs. 1 and 3). Close to the gas inlet position, both fiber groups exhibited a very 
porous and columnar structures for temperatures between 1400 and 1500 °C. 

Figure 6 compares the microstructures for the 1350 °C cases. Here, the microstructures 
appear similar. It seems that temperature, rather than deposition rates, is the critical variable 
in determining the microstructure evolving at 1350 °C. 


SUMMARY 

Silicon carbide was deposited on Textron’s SCS6 fiber using SiH 4 and C 3 H g 
precursors. The deposition rates for temperatures ranging from 1350 to 1500 °C and different 
source gas concentrations were determined. Electron microprobe analysis was used to determine 
the stoichiometry along the fibers. The CVD SiC coatings were close to stoichiometric for all of 
the temperatures and source gas concentrations studied. Also, at higher deposition tempera- 
tures, the SiC coatings were more stoichiometric along longer lengths of the fiber. The micro- 
structure of the SiC coatings were compared. At 1350 °C, the microstructures were similar; 
however, at higher temperatures, the microstructure for the more concentrated source gas group 
were porous and columnar in comparison to cross sections taken from the same area for the 
dilute source gas group. 
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Figure 1. — Deposition rate vs. position for Group A. 


Figure 2. — Deposition rate vs. position for Group B. 




Figure 3. — Electron microprobe analysis of CVD SiC (Group A). Figure 4. — Electron microprobe analysis of CVD SiC (Group B). 
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(b) Group B. 


(b) Group B. 


Figure 5. — SiC coatings on SCS6 deposited at 1450 °C. 


Figure 6. — SiC coatings on SCS6 deposited at 1350 °C. 
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